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(57) ABSTRACT 

Techniques and tools for adjusting quality and bit rate of 
multiple chunks of media delivered over a network are 
described. For example, each of the multiple chunks is 
encoded as multiple layers (e.g., a base layer and multiple 
embedded residual layers) for fine-grained scalability at dif 
ferent rate/duality points. A server Stores the encoded data for 
the layers of chunks as well as curve information that param 
eterizes rate-distortion curves for the chunks. The server 
sends the curve information to a client. For the multiple 
chunks, the client uses the curve information to determine 
rate-distortion preferences for the respective chunks, then 
sends feedback indicating the rate-distortion preferences to 
the server. For each of the multiple chunks, the server, based 
at least in part upon the feedback, selects one or more Scalable 
layers of the chunk to deliver to the client. 
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FNE-GRANED CLIENTSIDE CONTROL OF 
SCALABLE MEDLA DELVERY 

BACKGROUND 

0001 Engineers use compression (also called coding or 
encoding) to reduce the bitrate of digital media. Compression 
decreases the cost of storing and transmitting media by con 
verting the media into a lower bit rate form. Decompression 
(also called decoding) reconstructs a version of the original 
media from the compressed form. 
0002. When it converts media to a lower bit rate form, a 
media encoder can decrease the quality of the compressed 
media to reduce bit rate. By selectively removing detail in the 
media, the encoder makes the media simpler and easier to 
compress, but the compressed media is less faithful to the 
original media. Aside from this basic quality/bitrate tradeoff, 
the bit rate of the media depends on the content (e.g., com 
plexity) of the media and the format of the media. 
0003 Media information is organized according to differ 
ent formats for different devices and applications. Many 
attributes of format relate to resolution. For video, for 
example, sample depth, spatial resolution (e.g., in terms of 
width and height of a picture) and temporal resolution (e.g., in 
terms of number of pictures per second) relate to resolution. 
For audio, Sample depth and sampling rate (e.g., in terms of 
number of samples per second) relate to resolution. Typically, 
quality and bit rate vary directly for resolution, with higher 
resolution resulting in higher quality and higher bit rate. 
0004 Scalable media encoding and decoding facilitate 
delivery of media to devices with different capabilities. A 
typical scalable media encoder splits media into a base layer 
and one or more enhancement layers. By itself the base layer 
provides a version of the media for reconstruction at a lower 
quality, and the enhancement layer(s) add information that 
will increase quality. Some scalable encoders and decoders 
rely on temporal scalability of media (e.g., low frame rate to 
high frame rate). Other common Scalable encoding/decoding 
schemes use scalability for either the spatial resolution or the 
overall encoding quality of the video (e.g., low distortion to 
high distortion). Scalable layers can represent different qual 
ity points for a single type of resolution (e.g., for three differ 
ent spatial resolutions 320x240, 640x480 and 1280x960). Or, 
scalable layers can represent different quality points for dif 
ferent types of resolution (e.g., for a 320x240 low quality base 
layer, a 640x480 low quality enhancement layer, a 320x240 
higher quality enhancement layer, a 640x480 higher quality 
enhancement layer, and so on). 
0005. The base layer and one or more enhancement layers 
can be organized in separate bit streams for the respective 
layers. Or, the content for the respective scalable layers can be 
interleaved unit-by-unit for the encoded media. For example, 
for a first frame of audio, base layer data for the first frame 
precedes first enhancement layer data for the first frame, 
which precedes second enhancement layer data for the first 
frame. Then, base layer data, first enhancement layer data, 
and second enhancement layer data. follow for a second 
frame of audio. For video, the unit can be a picture or group of 
pictures, with base layer data and enhancement layer data 
organized by unit. 
0006 When scalable layers represent different quality 
points for a single type of resolution, and the scalable layers 
are organized unit-by-unit in a bit stream, the one or more 
layer(s) for low quality can be considered “embedded within 
the layer for the next higher quality. These layers in turn can 
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be considered embedded within the layer for the next higher 
quality. Selecting a target quality/bit rate can be accom 
plished by selecting a set of nested layers of encoded data for 
each of the units. One approach to creating an embedded bit 
stream with layers for different quality levels uses bit plane 
coding. In bit plane coding, the frequency transform coeffi 
cients for blocks of a picture are separated into a first plane 
have the most significant bit for each transform coefficient, a 
second plane having the next most significant bit for each 
coefficient, and so on, through the plane having the least 
significant bit for each coefficient. The respective bit planes 
are encoded in different scalable layers for different levels of 
encoding quality. 
0007 Delivering media content over the Internet and other 
computer networks has become more popular. Media deliv 
ery over the Internet is typically characterized by variable 
bandwidth, without dedicated bandwidth between a media 
server that distributes media content and a media client that 
plays back the media content. If the bit rate of media content 
is too high, the media content may be dropped by the network, 
causing playback by the media client to stall. Alternatively, 
the media client can buffer a large portion of the media con 
tent before playback begins, but this results in a long delay 
before playback starts. On the other hand, if the bit rate of the 
media content is much lower than the network could deliver, 
the quality of the media content played back will be lower 
than it could be. By adjusting bit rate of media content so that 
bit rate more closely matches available network bandwidth, a 
media server can improve the media client's playback expe 
rience. While existing ways of adjusting quality and bitrate of 
media content provide adequate performance in many sce 
narios, they do not have the benefits and advantages of the 
techniques and tools described below. 

SUMMARY 

0008. In summary, the detailed description presents tech 
niques and tools for adjusting the quality and bit rate of media 
delivered over a network. For example, for multiple indepen 
dent chunks of media, a scalable media encoder encodes each 
chunkat multiple bit rates/quality levels for fine-grained scal 
ability, and a server stores the encoded media. Depending on 
network characteristics and client playback preferences, for 
each of the multiple chunks, a client chooses a bit rate/duality 
level, and a scalable media decoder decodes the encoded 
media delivered to it at the selected quality level. Increasing 
the number of bit rate/quality level options for the multiple 
chunks allows the client to more precisely tailor its selections 
to satisfy client playback preferences and adapt to changes in 
media bit rate or network characteristics. 
0009. According to a first aspect of the techniques and 
tools described herein, a tool such as a server delivers media 
data organized as multiple chunks. Each of the multiple 
chunks is encoded as multiple scalable layers for different 
quality levels with fine-grained scalability. The tool sends 
curve information for the chunks. For a given chunk, the 
curve information can include rate-distortion points that 
parameterize a rate-distortion curve for the chunk. Or, the 
curve information can include a set of parameters that indi 
cate the shape of a rate-distortion curve for the chunk. For 
each of the multiple chunks, the tool receives feedback that 
indicates a rate-distortion preference and, based at least in 
part upon the feedback, selects one or more Scalable layers 
from among the scalable layers of the chunk. For example, a 
server sends the curve information to a given media client, 
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receives the feedback from the given media client, and sends 
selected layer(s) back to the given media client. When it stores 
scalable layers and curve information for chunks, the server 
can deliver the curve information and selected layers to dif 
ferent media clients at different times. 
0010 For example, the multiple scalable layers for a 
chunk include a base layer and multiple residual layers. The 
multiple residual layers can be residual embedded layers 
resulting from bit plane encoding of the chunk, where each of 
the embedded layers represents a bit plane of transform coef 
ficients of the chunk. When delivering layers for a chunk, the 
tool always selects and sends the base layer for the chunk. 
Depending on rate-distortion preferences, the tool selects and 
sends Zero or more of the multiple residual layers for the 
chunk. 
0011. According to a second aspect of the techniques and 
tools described herein, a tool Such as a media client processes 
media data organized as multiple chunks, where each of the 
multiple chunks has been encoded as multiple scalable layers 
for different quality levels with fine-grained scalability. The 
tool receives curve information for the multiple chunks. For 
each of the chunks, the tool determines a rate-distortion pref 
erence for the chunk (e.g., in terms of a count of bits or range 
of bits) and sends the rate-distortion preference. The tool then 
receives one or more scalable layers from among the multiple 
Scalable layers of the chunk. For example, a media client 
receives the curve information from a given server, sends the 
rate-distortion preferences to the server, and then receives the 
selected layer(s) back from the server. 
0012 For a given chunk, the curve information can 
include rate-distortion information that the tool uses to deter 
mine distortion as a function of download time for the scal 
able layers of the chunk. When determining a rate distortion 
preference, for example, for a segment of one or more of the 
chunks, the tool determines an overall playback time con 
straint for the segment. For each of the one or more chunks in 
the segment, the tool selects a download time so as to reduce 
overall distortion among the one or more chunks in the seg 
ment, while also satisfying the overall playback time con 
straint for the segment. The selection of the download time 
can include setting a weight parameter Such that cumulative 
download time for the segment matches the overall playback 
time constraint. For segments that include multiple chunks, 
the selection of the download times for the chunks can include 
splitting the segment into multiple Sub-segments. Then, for 
each of the multiple Sub-segments, the tool determines an 
overall playback time constraint for the Sub-segment and, for 
each of one or more chunks in the Sub-segment, selects a 
download time so as to reduce overall distortion among the 
one or more chunks in the Sub-segment, while also satisfying 
the overall playback time constraint for the Sub-segment. 
0013. According to a third aspect of the techniques and 
tools described herein, a tool such as a media client receives 
a stream header for media data organized as multiple chunks, 
where each of the multiple chunks has been encoded as mul 
tiple scalable layers for different quality levels with fine 
grained scalability. The tool receives curve information for 
the multiple chunks. For each of the multiple chunks, the 
curve information for the chunk indicates a different rate 
distortion point associated with each of the multiple scalable 
layers for the chunk. The tool determines rate-distortion pref 
erences for the multiple chunks, respectively, and sends the 
rate-distortion preferences. For each of the multiple chunks, 
the tool receives one or more scalable layers of the chunk. 
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0014. The foregoing and other objects, features, and 
advantages will become more apparent from the following 
detailed description, which proceeds with reference to the 
accompanying figures. This Summary is provided to intro 
duce a selection of concepts in a simplified form that are 
further described below in the detailed description. This sum 
mary is not intended to identify key features or essential 
features of the claimed subject matter, nor is it intended to be 
used to limit the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a block diagram illustrating a suitable 
computing environment in which several described tech 
niques and tools may be implemented. 
0016 FIG. 2 is a diagram illustrating an example scalable 
media delivery system in which several described techniques 
and tools may be implemented. 
0017 FIG. 3 is a diagram illustrating an example file for 
mat for encoded media organized in chunks having Scalable 
layers. 
0018 FIG. 4 is a chart illustrating distortion-download 
time curves for different chunks of scalable media. 
0019 FIG. 5 is a flow chart illustrating a generalized tech 
nique for delivering curve information and Scalable layers of 
media to a client. 
0020 FIG. 6 is a flow chart illustrating a generalized tech 
nique for processing curve information and requesting scal 
able layers of media from a server. 
0021 FIG. 7 is a flow chart illustrating an example tech 
nique for determining rate-distortion preferences for chunks 
of media. 

DETAILED DESCRIPTION 

0022. The present application relates to techniques and 
tools for fine-grained client-side control of scalable media 
delivery. These techniques and tools allow a client to custom 
ize its playback experience by selecting bit rates/quality lev 
els of media. Increasing the number of bit rate/quality level 
options used in encoding chunks of media allows the client to 
more precisely tailor its selections to its playback prefer 
ences, changes in media complexity and changes in network 
conditions. 
0023 For example, a server stores chunks of media con 
tent that have been scalably encoded at multiple bit rates (and 
hence multiple quality levels). To a client, the server sends 
information about the multiple bit rates/quality levels avail 
able for the chunks. Considering the information, the client 
customizes its playback experience by choosing a bit rate/ 
quality level for each the chunks the client wishes to play 
back. In deciding which bit rates/quality levels to select, the 
client can consider various factors. The client can choose a bit 
rate/quality level for each chunk to be played back so as to 
have the best quality possible, Subject to constraints such as 
network conditions between the server and client, preferred 
start up latency and preferred tolerance to glitching. Network 
conditions include network bandwidth and network delay 
time, which can change over time due to network congestion 
or other factors. Start up latency refers to delay while the 
client buffers media content before starting to decode and 
play back the media content. Increasing start up delay allows 
the client to buffer more media content, which typically 
allows the client to increase overall quality level. Users usu 
ally prefer Small start up latency so that playback begins 
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Sooner, however. The term glitching refers to interruptions in 
playback due to missing data. For example, when a decoder 
reaches a frame of audio or video during playback but is 
missing data needed to decode the frame, the decoder stops 
playback or attempts to conceal the missing part. Typically, a 
client has little or no tolerance for glitching. Alternatively, the 
client considers other and/or additional factors. 

0024. In some implementations, a scalable media encoder 
uses bit plane coding of frequency coefficients of media con 
tent. A client chooses a bit rate/quality level for a chunk by 
selecting one or more bit planes from an embedded bit stream. 
This is analogous to allowing the client to perform simple 
rate-distortion quantization of the coefficients encoded. 
While bit plane selection does not allow the client to control 
encoder settings such as transform block sizes or filterparam 
eters, it provides a way for different clients to customize the 
results of encoding that those clients play back. The granu 
larity of rate and quality control depends on the size of chunks 
and number of bit planes. Having more bit planes per chunk 
and Smaller chunks provides more fine-grained control to 
clients, while having fewer bit planes per chunk or larger 
chunks gives clients fewer options and coarser granularity of 
control. Depending on implementation, the scalable media 
encoder can use finer Scalability (e.g., down to levels 
approaching bit granularity) or coarser Scalability (e.g., with 
a base layer and a few residual layers) in an embedded rep 
resentation, so long as truncation at any of the multiple rate/ 
quality points per chunk results in a valid bit stream. Alter 
natively, the scalable media encoder provides scalable layers 
but does not use bit plane coding or an embedded bit stream. 
0025. In addition to providing a client with the ability to 
Switch bit rates and qualities at chunk boundaries, in some 
implementations, Scalable media delivery architectures 
described herein are implemented in conjunction with large 
scale content delivery networks (“CDNs). For example, a 
CDN used to deliver Web content with HTTP packets can also 
cache media content for delivery to clients. When a CDN 
includes multiple servers that cache media content at distrib 
uted geographical locations, client-server download times 
can be decreased due to geographical proximity and server 
load balancing. Moreover, although caching limitations on 
Some CDNS make caching of large files problematic, fine 
grained scalability results in smaller file sizes for the layers of 
encoded chunks of media content in Some implementations. 
To exploit advantages of client-side rate control, a server in 
the CDN stores media encoded with a large number of rates 
and quality levels, where different rates correspond to differ 
ent sets of files for a given chunk. For example, an embedded 
bit stream output from a scalable media encoder is split into 
different files for a chunk (with different levels of bit stream 
truncation corresponding to different levels of quantization of 
coefficients), and a server in an existing CDN stores the 
different files, which facilitates fine-grained rate control by 
clients without server-side modifications to the server of the 
existing CDN. Alternatively, instead of having truncation 
points for different scalable layers align with file boundaries 
of separate files (such that the client, when indicating its 
rate-distortion preference, requests a certain set of files in 
their entirety or requests a number of bits that corresponds to 
the set of files), the server can store a single file with an 
embedded bit stream for the different scalable layers. In that 
case, the server truncates the bit stream at an arbitrary location 
in the single file in response to a rate-distortion preference 
(e.g., byte range request) from the client. Or, the server can 
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use a combination of these mechanisms, storing an embedded 
bit stream for at least part of one or more different layers in 
each of multiple files. In response to a rate-distortion prefer 
ence from a client (e.g., to send file(), file1 and file2 in their 
entirety and send only bytes 0 to 900 offile3 for chunk7, or to 
send 6,300 bytes for chunk7), the server can send one or more 
entire files and/or part of a file that corresponds to a truncation 
point in an embedded bit stream. 
0026 Innovative aspects of the techniques and tools 
described herein include, but are not limited to, the following. 

0027 1. The use of scalable media encoders and decod 
ers for fine-grained, client-side rate control. Fine 
grained, client-side rate control allows different clients 
to precisely customize media delivery and playback to 
their respective situations. 

0028 2. The use of curve information indicating rate 
distortion characteristics for scalable layers of a chunk 
of media content. A server stores curve information for 
chunks and sends the curve information to a client, 
which evaluates the curve information and determines a 
rate-distortion preference for each of the chunks. Differ 
ent chunks typically have different curve information. 
The curve information effectively parameterizes the 
rate-distortion properties of the respective chunks for 
fine-grained client-side rate control. 

0029. 3. The decision-making processes a client uses 
when evaluating rate-distortion curve information to 
determine which bit rates/quality levels of media content 
to request. By using rate-distortion curve information to 
determine distortion as a function of download time, the 
decision-making processes help the client to improve 
rate-distortion performance while also considering net 
work conditions and its playback preferences. 

0.030. 4. The use of request mechanisms of existing 
HTTP CDNs (e.g., byte range GET requests) to obtain a 
desired number of bits of media content. Leveraging 
existing CDN infrastructure simplifies the implementa 
tion of scalable media delivery with fine-grained, client 
side rate control. Utilizing existing HTTP servers, which 
are already prevalent, helps avoid the need to use dedi 
cated media servers. 

0031. Various alternatives to the implementations 
described herein are possible. Certain techniques described 
with reference to flowchart diagrams can be altered by chang 
ing the ordering of stages shown in the flowcharts, by split 
ting, repeating or omitting certain stages, etc. The different 
aspects of the fine-grained client-side control of Scalable 
media delivery can be used in combination or separately. 
Different embodiments implement one or more of the 
described techniques and tools. 
0032 Some of the techniques and tools described herein 
address one or more of the problems noted in the background. 
Typically, a given technique/tool does not solve all such prob 
lems. 

I. COMPUTING ENVIRONMENT 

0033 FIG. 1 illustrates a generalized example of a suitable 
computing environment (100) in which several of the 
described techniques and tools may be implemented. The 
computing environment (100) is not intended to Suggest any 
limitation as to scope of use or functionality, as the techniques 
and tools may be implemented in diverse general-purpose or 
special-purpose computing environments. 
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0034. With reference to FIG. 1, the computing environ 
ment (100) includes at least one processing unit (110) and 
memory (120). In FIG. 1, this most basic configuration (130) 
is included within a dashed line. The processing unit (110) 
executes computer-executable instructions and may be a real 
or a virtual processor. In a multi-processing system, multiple 
processing units execute computer-executable instructions to 
increase processing power. The memory (120) may be vola 
tile memory (e.g., registers, cache, RAM), non-volatile 
memory (e.g., ROM, EEPROM, flash memory, etc.), or some 
combination of the two. The memory (120) stores software 
(180) implementing server-side and/or client-side function 
ality for fine-grained client-side control of scalable media 
delivery. 
0035. A computing environment may have additional fea 

tures. For example, the computing environment (100) 
includes storage (140), one or more input devices (150), one 
or more output devices (160), and one or more communica 
tion connections (170). An interconnection mechanism (not 
shown) Such as abus, controller, or network interconnects the 
components of the computing environment (100). Typically, 
operating system Software (not shown) provides an operating 
environment for other Software executing in the computing 
environment (100), and coordinates activities of the compo 
nents of the computing environment (100). 
0036. The storage (140) may be removable or non-remov 
able, and includes magnetic disks, magnetic tapes or cas 
settes, CD-ROMs, DVDs, or any other medium which can be 
used to store information and which can be accessed within 
the computing environment (100). The storage (140) stores 
instructions for the software (180) implementing server-side 
and/or client-side functionality for fine-grained client-side 
control of scalable media delivery. 
0037. The input device(s) (150) may be a touch input 
device Such as a keyboard, mouse, pen, or trackball, a Voice 
input device, a scanning device, or another device that pro 
vides input to the computing environment (100). For audio or 
video encoding, the input device(s) (150) may be a sound 
card, video card, TV tuner card, or similar device that accepts 
audio or video input in analog or digital form, or a CD-ROM 
or CD-RW that reads audio or video samples into the com 
puting environment (100). The output device(s) (160) may be 
a display, printer, speaker, CD-writer, or another device that 
provides output from the computing environment (100). 
0038. The communication connection(s) (170) enable 
communication over a communication medium to another 
computing entity. The communication medium conveys 
information such as computer-executable instructions, audio 
or video input or output, or other data in a modulated data 
signal. A modulated data signal is a signal that has one or 
more of its characteristics set or changed in Such a manner as 
to encode information in the signal. By way of example, and 
not limitation, communication media include wired or wire 
less techniques implemented with an electrical, optical, RF, 
infrared, acoustic, or other carrier. 
0039. The techniques and tools can be described in the 
general context of computer-readable media. Computer-read 
able media are any available media that can be accessed 
within a computing environment. By way of example, and not 
limitation, with the computing environment (100), computer 
readable media include memory (120), storage (140), com 
munication media, and combinations of any of the above. 
0040. The techniques and tools can be described in the 
general context of computer-executable instructions, such as 
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those included in program modules, being executed in a com 
puting environment on a target real or virtual processor. Gen 
erally, program modules include routines, programs, librar 
ies, objects, classes, components, data structures, etc. that 
perform particular tasks or implement particular abstract data 
types. The functionality of the program modules may be 
combined or split between program modules as desired in 
various embodiments. Computer-executable instructions for 
program modules may be executed within a local or distrib 
uted computing environment. 
0041. For the sake of presentation, the detailed description 
uses terms like “select” and “reconstruct” to describe com 
puter operations in a computing environment. These terms are 
high-level abstractions for operations performed by a com 
puter, and should not be confused with acts performed by a 
human being. The actual computer operations corresponding 
to these terms vary depending on implementation. 

II. NETWORKENVIRONMENT 

0042 FIG. 2 shows an example scalable media delivery 
system (200) including servers (210, 220) that distribute 
media content over a network (230) to multiple media clients 
(250,260,270). The network (230) can include the Internetor 
another computer network. 
0043. The media server (210) includes a scalable media 
encoder (212) for encoding media Such as audio or video. The 
scalable media encoder (212) codes an individual chunk of 
media as different quality/bit rate layers, which facilitates 
scalability that can be fine-grained or coarse-grained, 
depending on the number of different layers. The scalable 
media encoder (212) can use bit plane coding of spectral 
coefficients of the media to produce embedded layers. With 
Such embedded layers, a media client's request for a desired 
number or range of bits results in selection of a set of layers at 
or just under the desired number of bits. Alternatively, the 
Scalable media encoder (212) uses another encoding scheme. 
Moreover, although FIG. 2 shows the scalable media encoder 
(212) together with the server-side controller (214) in the 
media server (210), alternatively the media server (210) 
receives encoded media content from a scalable media 
encoder outside the media server (210). 
0044) The media server (210) stores encoded data in the 
form of scalable layers of each chunk of the media along with 
header information for the media (e.g., a stream header). In 
addition, the media server (210) stores rate-distortion curve 
information for each of the chunks. For example, the rate 
distortion curve information includes quality (or distortion) 
information as well as rate information for each scalable layer 
of a given chunk. Alternatively, a set of parameters indicates 
the shape of a rate-distortion curve for a given chunk. The 
media server (210) can store different scalable layers for a 
chunk in different files, store a single file with the different 
Scalable layers organized as an embedded bit stream, or store 
multiple files each having an embedded bit stream for at least 
part of one or more of the different scalable layers. 
0045. The server-side media controller (214) manages 
connections with one or more media clients (250, 260,270). 
When a given media client requests a media stream, the 
server-side media controller (214) sends a stream header for 
the stream to the media client, along with rate-distortion 
curve information for some or all of the chunks in the media 
stream. For a chunk, the server-side media controller (214) 
eventually receives feedback from the media client, indicat 
ing a rate-distortion preference for the chunk. Considering the 
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rate-distortion preference for the chunk, the server-side con 
troller (214) selects one or more of the scalable layers for the 
chunk and sends the selected layer(s) to the media client. For 
example, the server-side controller (214) selects scalable lay 
ers that collectively meet, or come close to meeting, the 
rate-distortion preference of the media client for the chunk. 
Generally, the media server (210) and server-side media con 
troller (214) are “dumb' in that they react to feedback from 
clients (250, 260, 270) in a simple and straightforward way. 
This helps the server (210) manage connections with a large 
number of clients concurrently, and it simplifies the task of 
adapting existing servers to cooperate in fine-grained client 
side control of media delivery. 
0046. In FIG. 2, the second server (220) illustrates an 
example implementation in which the server (220) is simply 
a Web server that stores and serves files for different scalable 
layers of chunks of media content. The media content is 
encoded, for example, offline by a separate Scalable media 
encoder. The server (220) stores different scalable layers for 
a given chunk as different files, or as a single file with the 
different scalable layers organized as an embedded bit 
stream, or as multiple files each having an embedded bit 
stream for at least part of one or more of the different scalable 
layers. The server (220) also stores program description infor 
mation for a stream header and rate-distortion curve informa 
tion for the chunks of media content. In the server (220), the 
server-side controller is implemented as a file server (224) 
that retrieves files or ranges of files to send to one or more of 
the media clients (250, 260, 270). One of the clients (250, 
260, 270) requests a header file (e.g., including program 
description information and rate-distortion curve informa 
tion), which the server (220) simply serves to the client. The 
client then requests files or ranges of files corresponding to 
scalable layers of chunks of the media content, and the server 
(220) simply serves the requested content to the client. 
0047. The media client (250) includes a client-side con 

troller (254) and scalable media decoder (252) for decoding 
media Such as audio or video. After a media stream has been 
requested, the client-side controller (254) receives a stream 
header as well as rate-distortion curve information for some 
or all of the chunks in the media stream. For a long stream or 
a stream being delivered with short delay after capture, the 
client-side controller may receive rate-distortion curve infor 
mation for a subset of the chunks, with more curve informa 
tion provided later for other chunks. 
0048. The media client (250) has a buffer that temporarily 
stores encoded data for the media stream before decoding. 
Based upon rate-distortion information for a chunk as well as 
criteria such as buffer fullness (which may be a function of 
desired latency, the bit rate and playback rate of previously 
downloaded chunks, and network conditions) and/or esti 
mated download times (as a function of rate and chunk), the 
client-side controller (254) finds a rate-distortion preference 
for the chunk. For example, the client-side controller (254) 
finds a rate allocation for the chunk and requests a number or 
range of bits for the chunk. In some implementations, the 
client-side controller (254) sends a byte range request GET 
for the bits for the chunk. Or, the client-side controller sends 
a request for specific files and/or ranges offiles corresponding 
to the rate-distortion preference for the chunk. 
0049. The scalable media decoder (252) decodes indi 
vidual chunks of media that were encoded as different qual 
ity/bit rate layers. The scalable media decoder (252) can use 
bit plane decoding of spectral coefficients of the media. Gen 
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erally, the scalable media decoder (252) reconstructs a chunk 
using layers received by the client-side controller (254) in 
response to a request for a desired number or range of bits for 
the chunk. Alternatively, the scalable media decoder (252) 
uses another decoding scheme. Moreover, although FIG. 2 
shows the scalable media decoder (252) together with the 
client-side controller (254) in the media client (250), alterna 
tively the media client (250) outputs encoded media content 
to a scalable media decoder outside the media client (250). 

III. EXAMPLE SCALABLE MEDIA 
ORGANIZATION AND FILE FORMATS 

0050. In conjunction with fine-grained client-side control 
of scalable media delivery, a scalable media encoder and 
decoder can use any of various encoding/decoding techniques 
and file formats for encoded data. This section describes 
example file formats and ways of organizing encoded media. 
0051. An encoder divides media content into chunks that 
are coded independently. Constraining encoding so that 
chunk-to-chunk dependencies are avoided facilitates random 
access functionality since decoding can begin at any given 
chunk. For video, for example, a chunk can be a closed group 
of pictures (“GOP) including an intra-coded picture and 
inter-coded pictures following it, with no dependencies on 
pictures outside the GOP. For audio, in many encoding 
approaches, frames of audio samples lack frame-to-frame 
dependencies, and a chunk is some integer number of frames. 
Operations such as overlap-add operations for samples at the 
beginning of an initial frame at a seek position are ignored 
after random access. Generally, the partitioning of media 
content into independent chunks depends on implementation. 
Different types of media chunks need not be synchronized on 
chunk boundaries. 
0.052 Alternatively, an encoder constrains dependencies 
between chunks to allow dependencies between lowest bit 
rate versions of the chunks. Allowing dependencies between 
chunks can facilitate greater compression efficiency, at Some 
cost to random access functionality. For example, when start 
ing playback at a seek position, a client downloads and recon 
structs previous chunks upon which the chunk at the seek 
position depends. 
0053. Once the content is divided into individual chunks, 
an encoder encodes the chunks at multiple bitrates (and hence 
multiple quality levels). The bit rate of a chunk of encoded 
media corresponds to a file size for the chunk, assuming a 
constant transmission rate. To improve the flexibility of cli 
ent-siderate control, a server increases the number of bit rates 
(and quality levels) available. In some implementations, an 
encoder uses an embedded bit stream from the output of 
Scalable media encoding to achieve fine-grained scalability. 
Bit stream truncation sets a level of quantization for respec 
tive coefficients of a chunk, selecting a bit rate/quality level 
point. Essentially, regulating quantization of the coefficients 
allows a client to control rate-distortion performance for the 
coefficients that the client requests. It does not, however, 
allow the client to control more complicated encoding set 
tings. Typically, this does not significantly hurt quality So 
long as the range of bit rates is not very large, at which point 
the encoder might otherwise use different settings at different 
quality/rate extremes. Alternatively, the media encoding uses 
Scalable encoding along a spatial, temporal, color space and/ 
or sample depth dimension, apart from bit plane coding or in 
combination with bit plane coding. 
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0054 The granularity of the scalability depends on imple 
mentation. Theoretically, the granularity can be as fine as 
bit-level granularity. In practice, for a given chunk, using a 
base layer and a desired number of residual layers usually 
provides clients with an acceptable number of bit rate/quality 
level points, so long as arbitrary selection of different bit 
rates/quality levels for different chunks results in a valid bit 
Stream. 

0055 FIG.3 shows an example file format for a file (300) 
of encoded chunks of media content. The organization of the 
file (300) helps a server deliver the media content to different 
clients at different rates/quality levels. For additional details 
about file formats in Some implementations, see U.S. patent 
Ser. No. 12/119,364, entitled “Optimized Client Side Rate 
Control and Indexed File Layout for Streaming Media, filed 
May 12, 2008, the disclosure of which is hereby incorporated 
by reference. Alternatively, a server uses a file of another 
format for encoded chunks of media data. 
0056. The file (300) has a program description field (310) 
that includes parameters about the entire stream of media 
content. The parameters can include metadata about the 
stream as well as information about encoding/decoding set 
tings. 
0057 The file (300) also includes a file-level index (320) 
for the stream. The index (320) stores rate-distortion curve 
information for the chunks of media content in the stream. For 
example, the index (320) stores the number of bit rate/quality 
levels available for a chunk, along with size information and 
quality information for each of the levels, which indicate 
points on a rate-distortion curve for the chunk. Or, more 
generally, the index (320) stores rate-distortion curve infor 
mation parameterized in Some other way for a chunk, for 
example, as a parametric representation. 
0058 FIG.3 shows data in the file (300) form chunks. An 
index (330) for chunk 0 references a media data file (340) for 
chunk 0, an index (331) for chunk 1 references a media data 
file (341) for chunk 1, and so on. FIG.3 shows the details of 
the media data file (340) for chunk 0, which includes a com 
mon data field (350) and a layer data field (352) with data for 
n different bit rate/quality layers that can have variable size. 
The common data field (350) includes encoding/decoding 
parameters and other information that are always used when 
playing back the chunk. The layer data field (352) includes a 
base layer 0 (360) and n-1 residual layers (361,362,369) that 
result from Scalable media encoding of the chunk inton layers 
that can have variable size. For example, the n-1 residual 
layers (361, 362,369) store coded spectral coefficient data 
split from an embedded bit stream. In some implementations, 
each of the layers (360. . .369) stores at least part of one or 
more different scalable layers as an embedded bit stream. 
0059. To play back the stream, a client requests and 
receives the program description field (310) and file-level 
index (320) for the stream. For each chunk, the client requests 
and receives common data (350) and, considering the file 
level index (320) information that applies for the chunk, 
requests (e.g., using byte range requests) and receives Zero or 
more of layers (or ranges thereof) from the layer data field 
(352) for the chunk. Typically, the layer data field (352) uses 
most of the bit rate for the chunk, and the client selects a 
rate/quality point for playback of the chunk by selecting how 
much of the layer data field (352) to request. 
0060 According to the file format of the file (300) shown 
in FIG.3, a scalable media encoderproduces in scalable layers 
that are divided into the layer data field (352) for a chunk, with 

Apr. 1, 2010 

the file-level index (320) storing information indicating size 
and distortion for the respective in scalable layers of the 
chunk. A client can use a byte range request or other mecha 
nism to get a desired number of layers. Alternatively, a scal 
able media encoder produces an embedded bit stream in 
which each bit (or byte) can be considered an individual layer, 
and the number of bits (or bytes) is the number of fixed-size 
layers. In this case, the server need not store or send size 
information for layers, as a client simply requests a desired 
number of bits (or bytes) from the layer data field (352). Some 
example implementations of the fine-grained client-side con 
trol of media delivery thus work in conjunction with bit plane 
coding of media that provides very fine grain scalability, for 
example, as transform coefficients are organized for flexible 
partitioning at an arbitrary rate-distortion point. 

IV. THEORY AND EXAMPLES 

0061 Simplified examples in this section illustrate prin 
ciples of rate-distortion optimization and other optimization 
for streams of scalable media. 
0062 A. Rate-Distortion Optimization 
0063. If layers have a fixed size (e.g., an integer N bytes 
per layer) and the total bit budget is an integer multiple of that 
fixed size (e.g., an integer ZxN bytes for a decoder buffer of 
the client), a client can use rate-distortion techniques to find 
an optimal rate allocation. (In general, as used herein, the 
term “optimal describes a solution that satisfies some set of 
criteria better than other solutions according to Some param 
eterization or modeling, which may or may not be optimal in 
absolute terms depending on circumstances, and the term 
“optimize' is used to indicate the process of finding Such a 
Solution.) 
0064. A stream includes Mchunks. The distortion D, for 
the i' chunk is a function of rate as given by D.R.), where R, 
is the rate of the i' chunk (the number of bits used for the i” 
chunk). The count of bits downloaded over the channel 
between server and client while thei" chunk is played back is 
B, where the count of bits can vary over time for different 
chunks. B is an initial buffer fullness value, and R is 
assumed to be Zero. 
0065. The client applies a constraint that the decoder 
buffer never starves (suffers from underflow). In other words, 
assuming minimal network connectivity, the decoder buffer 
always includes encoded data for a media chunk when the 
client is ready to decode and play back the media chunk. The 
client can also impose a constraint that the decoder buffer 
never overflows, or it can assume the availability of an unlim 
ited about of storage space for the decoder buffer and ignore 
the overflow prevention constraint. To prevent buffer under 
flow at the point of playback of thei" chunk, the client checks 
the constraint: 

i i-l 

Ris X. B = CumulativeB, 
i=0 i=-1 

and the client checks this buffer underflow prevention con 
straint for all chunks in the segment up to i. Thus, for chunk 0, 
the client checks the constraint RosB, which means the bits 
used for chunk 0 must be less than the initial buffer fullness, 
or, in other words, the bits for chunk 0 must be less than the 
number of bits downloaded during the initial startup delay. 
For chunk 1, the client checks the constraint Ro-RsB +Bo. 
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which means the bits used for chunk 0 and chunk 1 must be 
less than the number of bits downloaded during the initial 
startup delay and playback of chunk 0, in order for playback 
of chunk 1 to begin on time. For chunk 2, the client checks the 
constraint Ro-R+R2sB +Bo'+B, and so on. 
0.066. The client finds a set of rates for the Mchunks of the 
media stream such that, subject to satisfaction of the buffer 
underflow prevention constraint for all of the Mchunks, over 
all distortion D is minimized: 

- 

Dotal = X. D.R. 
i=0 

A simpler problem is to find rate allocations given the buffer 
underflow prevention constraint for CumulativeB as of 
the last of the Mchunks. A solution to this simpler problem 
can be modeled using Lagrange multipliers and is equivalent 
to minimizing: 

0067. The client finds to meet the buffer underflow pre 
vention constraint CumulativeB . Taking the partial 
derivative with respect to the rates, and setting the result to 
Zero to find an inflection point, yields 

2 = P + A = 0 a R = a R, + = 

Suppose 

0068 

P = d IR a R, R. 

a mapping of rate to the derivative. By substitution, it follows 
that the optimal rate allocation is dR =-w. After applying an 
inverse function d'I that maps derivative to rate, then 
R, di- ). To find the set of rates R, for the Mchunks (for 
i=0 . . . M-1) while also meeting the buffer underflow pre 
vention constraint for CumulativeB as of the last of the M 
chunks, the client finds W such that: 

- 

X. d'I-A) = Cumulative Bf 1. 

Then, for any given chunki in the segment from 0 to M-1, the 
optimal rate is given by R. d."-). 
0069. The factor w indicates a slope on the rate distortion 
curves for the Mchunks. When the same factor applies to all 
of the Mchunks, for each of the chunks a rate-distortion point 
is selected at the same slope on the curve for the chunk, which 
is optimal considering the convex shapes of the curves. If bits 
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were to be reallocated by giving bits from a first chunk to a 
second chunk, the increase in distortion for the first chunk 
(due to movement up a steeper part of the curve) would 
outweigh the decrease in distortion for the second chunk (due 
to movement down a less steep part of the curve). For a given 
overall buffer underflow prevention constraint, the client thus 
sets slope to be the same on the curves for the respective 
chunks at the points that the cumulative rates for the chunks 
meets the overall constraint. 

0070 If the optimal rate allocation that satisfies the buffer 
underflow prevention constraint for CumulativeB also 
satisfies CumulativeB, for every other chunki in the segment, 
then the client has found an acceptable set of rates for the M 
chunks. If the buffer underflow prevention constraint is vio 
lated for at least one chunk, however, the client removes bits 
from the portion that violates the constraint and reallocates 
them to the remainder of the chunks. For example, Suppose 
the client checks for rate allocations that satisfy the overall 
constraint for CumulativeB , as well as rate allocations 
that satisfy the constraint for CumulativeB, where k<M. The 
client finds a value for the weight parameter A that satisfies 
the buffer underflow prevention constraint when i=M-1: 

- - 

X. d'I-A) X. R;s Cumulative Bf 1. 
i=0 

but for this value of the constraint is violated when ik. 

k 

il - = X. R; > Cumulative B. 

There can be multiple values ofk for which the buffer under 
flow constraint is violated, in which case the client first 
focuses on the chunk with the lowest value of k that violates 
the constraint. The client thus finds different factors wand. 
for the ranges from i=0, . . . . k and ik-i-1, . . . . M-1, 
respectively. Such that: 

d'I-A) = Cumulative B., 

and 

- 

X. d; "|-A2) = Cumulative Bf 1 - Cumulative B. 
i=k+1 

Then, for any chunki between 0, ..., k, the client assigns a 
rate given by R, d,'- ), and for any chunki between k+1, 
..., M-1, the client assigns a rate given by R. d."- ). On 
the other hand, reallocating bits by giving bits from chunks 
k+1 to M-1 to chunks 0 to k would violate the buffer under 
flow prevention constraint for one or more of chunks Otok. If 
there are additional constraints to satisfy for any chunk i 
between k+1,..., M-1, the client recursively splits the range 
until constraints are satisfied for all of the Mchunks. 

0071. For example, suppose a client finds rates for a seg 
ment of five chunks while satisfying the constraint Ro-R+ 
R+R+RsB +Bo'+B+B+B for the segment overall. For 
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those rates, the constraints RosB and Ro-RsB+Bofor 
the first two chunks are satisfied, but the constraint for the 
third chunk is violated: Ro-R+R->B+B+B. The client 
therefore finds rates (at lower bit rates/higher distortions) for 
a sub-segment of the first three chunks, for which the con 
straint Ro-R+RsB+Bo'+B is satisfied. (Since the cumu 
lative rates allocated to the first three chunks have each been 
reduced, the constraints RosB and Ro-RsB +Bo are 
still satisfied.) The client then finds rates for another sub 
segment of the final two chunks, for which the constraints 
RsB and R+RsB+B are satisfied. If any constraint in 
the second Sub-segment is violated, the client recursively 
applies the same procedure to split the second Sub-segment 
and find rates for the resulting new Sub-segments. 
0072 B. Download Time-Distortion Optimization 
0073. Instead of focusing on rates and buffer fullness lev 

els, a client can consider estimated download times for Scal 
able layers of chunks (which depend on rates for the chunks 
and network characteristics) along with playback durations 
for the chunks and client playback preferences. The client 
selects scalable layers whose estimated download times allow 
timely playback, given the playback durations for the chunks, 
while also minimizing distortion. Thus, a server can store one 
set of rate-distortion information for scalable layers of chunks 
of media, with different clients using the rate-distortion infor 
mation to customize their determinations of distortion as a 
function of download time considering network conditions 
and playback preferences for the respective clients. 
0074. In some implementations, the client assumes the 
estimated download time for a given chunk is a linear function 
of rate (e.g., assuming constant network bandwidth while 
encoded data for the chunk is downloaded, assuming changes 
in rate do not affect network bandwidth), such that a graph of 
distortion as a function of download time is convex. Even if 
estimated download time for a given chunk is not a linear 
function of rate, so long as the graph of distortion as a function 
of download time is convex, the client can use the following 
optimization approach. 
0075 FIG. 4 shows a graph (400) of distortion-download 
time curves (410, 420, 430, 440) for different chunks of 
Scalable media. The respective curves are piece-wise linear 
and convex. Each of the curves is parameterized by multiple 
points, with each point defining a possible distortion and 
download time for chunki. For example, the curve (410) for 
chunk 0 includes eight points (411 to 418) representing 
encoded data for different scalable layers of the chunk. The 
first point (411) indicates a distortion and download time 
when only layer 0 of the chunk is downloaded, the fourth 
point (414) indicates a distortion and download time when 
layers 0, 1, 2 and 3 of the chunk are downloaded, and so on. 
The different curves (410, 420, 430, 440) have different 
shapes due to different rate-distortion properties (e.g., differ 
ent complexity) of the respective chunks. Generally, more 
complex chunks have higher distortion at a given rate. 
0076. When deciding which scalable layers to request, the 
client constrains the estimated download times of the respec 
tive chunks of the stream such that each of the respective 
chunks is available for decoding and playback when the time 
comes for that chunk to be played back. The client can buffer 
encoded data for at least some of the chunks before beginning 
playback. The initial delay T indicates startup latency as the 
client downloads content before playback begins. The down 
load time So for the first chunk should be less than or equal to 
the initial delay, so that encoded data for the first chunk is 
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available when playback begins: SosT. For example, if the 
initial delay is 5 seconds, the download time for the first 
chunk should be less than 5 seconds. The download times 
So-S for the first two chunks should be less than or equal to 
the initial delay plus the playback duration of the first chunk: 
So-SsT +To. That is, the encoded data for the second 
chunk should be available for decoding when the client is 
ready to play back the second chunk. Similarly, the playback 
time constraint for third chunk is: 

0077. The cumulative values of the durations of chunks 
indicate a “timestamp' of the following chunk in the stream. 
Timestamp information is often signaled in a bit stream. For 
example, 

XT, 

indicates the timestamp of the i' chunk (not counting initial 
delay), and the timestamp value can be stored in a packet 
header for the i' chunk. For the respective chunks, playback 
time constraints can be modeled as: 

i i-l 

Cumulative.S. = XS, s X, T = CumulativeT, 
i=0 i=-1 

where T indicates the initial delay, and where the client 
checks the constraint for each chunk i=0,1,..., M-1. Cumu 
lativeT, thus indicates the timestamp plus the initial delay for 
chunk i. 

(0078. For the i' chunk of encoded media content, a client 
gets information D.R. that indicates different levels of dis 
tortion for different rates, and the client also has information 
(considering network connection characteristics) that indi 
cates estimated download time as a function of the rate for the 
i"chunk: S. f.R.). In addition, the client gets information T, 
that indicates a playback duration of the i' chunk. From this 
information, the client determines distortion as a function of 
download time for the i' chunk: D.S.-DfIRI). Alterna 
tively, the client directly receives information that indicates 
distortion as a function of download time. 
0079 Subject to playback time constraints, the client finds 
a set of estimated download times S, that minimizes total 
distortion D total 

- - 

Dotal = XD, (S) =XD. If (R)). 

The client can model the problem offinding a set of download 
times using Lagrange multipliers. 
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Taking the partial derivate with respect to the estimated 
download time, and setting the result to Zero to find an inflec 
tion point, yields 

P = P, A = 0 as - as " - v. 

Suppose 

0080 

P = d.s 6S si Sil 

a mapping of download time to the derivative. By substitu 
tion, it follows that the optimal rate allocation is dS=-. 
After applying an inverse function d'I that maps the 
derivative to download time, then S, di- ). Generally, to 
find a set of download times S, for the Mchunks (for i=0,... 
, M-1) while also meeting the overall playback time con 
straint as of the last of the Mchunks, the client finds a value 
for the weight parameter w such that: 

- 

X, d'I-A) = Cumulative Tf 1. 

In other words, for the entire segment of the Mchunks, the 
client computes an allocation of download times to meet the 
constraint CumulativeS =CumulativeT . If the play 
back time constraint is violated for any of the Mchunks, the 
client splits the chunks into different Sub-segments and 
repeats the process for the respective Sub-segments. After 
finding an acceptable set of download times, the client finds 
rate allocations from the download times. For the i' chunk, 
the rate R, f 'S.). The client can then use R, to request a 
version of the chunk. 
0081 For example, when the client iteratively allocates 
download times for a segment, or for a Sub-segment within 
the segment, the client uses variables start and end to track 
start and end chunks, respectively. To find a set of download 
times Subject to the constraint CumulativeS-Cumula 
tiveS sCumulativeT-CumulativeT the client start-F ead 

searches for a value of such that: 
start-l 

end 

X. d'I-A) = Cumulative Tend - Cumulative Tat-1. 
i=start 

The client then sets the download time allocation S, for each 
chunk within the segment to S, di- ), fori-start,..., end. 
0082 Initially, start=0 and end=M-1. The client finds 
download times that satisfy the constraint CumulativeS 
1sCumulativeT. , then checks for all other values of i from 
Start tO end whether the constraint 
CumulativeSsCumulativeT, is met. If so, the client uses the 
set of download times. Otherwise, the client finds the index k 
of the first chunk that violates the playback time constraint. 
k-min(iCumulativeS-CumulativeT). The client then com 
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putes download times for a segment of chunks start,..., kand 
for a segment of chunks k+1, ..., end, respectively. For the 
segment of chunks start,..., k, the client computes download 
times to meet the constraint: CumulativeS-Cumula 
tiveS-CumulativeT-CumulativeT. (Since 
download times are reduced across each of chunks start,..., 
k, the playback time constraints for chunks start,..., k-1 are 
still satisfied.) For the segment of chunks k+1, ..., end, the 
client computes download times to meet the constraint: 
CumulativeS-CumulativeS CumulativeT -Cu 
mulativeT. If appropriate, the client further splits the seg 
ment of chunks k+1, . . . . end until the playback time con 
straints are satisfied for the chunks. Because the value of k 
increases as the playback time constraints are met in a seg 
ment (i.e., the index of the first chunk (if any) that violates its 
playback time constraint keeps increasing), eventually down 
load times are found for all chunks. 
I0083. For example, Table 1 shows playback durations T, 
for ten chunks i=0, . . . , 9 as well as cumulative playback 
duration values (shown as C. T.) for the ten chunks. The initial 
delay T =5, and the cumulative playback duration C To 
(including the initial delay) when the last chunk begins is 17 
seconds. The first column of S, values shows download times 
when the playback time constraint for the entire segment of 
ten chunks is checked, and the first column of C. S, Values 
shows cumulative download times. 

TABLE 1 

Example download times and playback durations. 

i T, C T. S. C. S. OK? S. C. S. OK? S. C. S. OK? 

-1 5 O O O 
O 1 5 1.5 1.5 yes 1.4 1.4 yes 
1 2 6 3.3 4.8 yes 3.1 4.5 yes 
2 1 8 0.9 5.7 yes 0.8 5.3 yes 
3 1 9 1.4 7.1 yes 1.2 6.5 yes 
4 1 10 1.3 8.4 yes 1.2 7.7 yes 
5 3 11 3-5 11.9 no 33 11 yes 
6 1 14 12 13.1 1.4 12.4 yes 
7 1 15 O.S 13.6 0.7 13.1 yes 
8 1 16 O.8 14.4 1.0 14.1 yes 
9 4 17 2.6 17.0 yes 2.9 17.0 yes 

I0084. For this set of S, values, the playback time constraint 
is violated when i=5, at which point the cumulative playback 
duration C T (when the chunk for which i=5 begins play 
back) is 11 seconds but cumulative download time C Ss for 
the encoded data for chunks i=0,..., 5 is 11.9 seconds. The 
client therefore splits the segment into a first Sub-segment 
with chunks i=0, . . . , 5, and a second Sub-segment with 
chunks i=6, ... , 9. For the first sub-segment, the client finds 
revised download times subject to the constraint C Ss-C. S. 
1sC Ts-C T. For the second Sub-segment, the client finds 
revised download times Subject to the constraint C So-C 
SssC To-CTs. 
I0085 Alternatively, the client uses another approach to 
determine how many bits to use for chunks of media content. 

V. GENERALIZED TECHNIQUE FOR SERVING 
MEDIA FOR FINE-GRAINED CLIENT-SIDE 

CONTROL 

I0086 FIG.5 shows a generalized technique (500) for serv 
ing multiple chunks of media data with fine-grained client 
side control of how the media is delivered. A server such as 
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the media server (210) of FIG. 2, Web server (220) of FIG. 2, 
or other server performs the technique (500). 
0087. Each of the multiple chunks is encoded as multiple 
scalable layers for different quality levels. Generally, the 
multiple chunks are organized Such that an arbitrary set of 
layers can be selected for any chunk during playback. For 
example, each of the multiple chunks is encoded without 
dependencies on any other chunk. Or, each of the multiple 
chunks is encoded with, at most, dependencies on the base 
layer of another chunk. In some implementations, the media 
is encoded as bit planes in an embedded bit stream. More 
generally, a chunk of media is encoded as a base layer and 
multiple residual layers that can be combined with the base 
layer along a single dimension of scalability or multiple 
dimensions of scalability, where the number of residual layers 
that is used sets a rate-distortion point for the chunk. 
0088. The server stores curve information for the multiple 
chunks. For example, the server stores information that indi 
cates multiple rate-distortion points for a chunk. Alterna 
tively, the server stores shape parameters that indicate the 
overall shape of a rate-distortion curve for the chunk. Gener 
ally, the server can determine curve information off-line for 
previously encoded media, and store the curve information 
and encoded media for delivery to clients. Or, the server can 
determine the curve information as media is encoded, then 
store the curve information (at least temporarily) for delivery 
along with the encoded media data. 
I0089. With reference to FIG. 5, the server sends (510) 
curve information for multiple chunks of media data. The 
server can send the curve information to a single client or to 
multiple clients. A client uses the curve information to deter 
mine rate-distortion preferences for media encoded as Scal 
able layers. For example, the client uses the curve information 
to determine distortion-download time characteristics for the 
chunks, and then uses the distortion-download time charac 
teristics to determine rate-distortion preferences for the mul 
tiple chunks. Alternatively, instead of sending curve informa 
tion that indicates rate-distortion values, the server sends 
curve information indicating distortion-download time char 
acteristics. 
0090. For each of the multiple chunks, the server receives 
(520) feedback from a client that indicates a rate-distortion 
preference. For example, the server receives a request for a 
number or range of bits for the chunk. Alternatively, the 
rate-distortion preference is parameterized in Some other 
way. Using the rate-distortion preference for the chunk, the 
server selects (530) one or more scalable layers for the chunk 
and sends (540) the selected scalable layer(s) to the client. For 
example, the server selects a set of scalable layers for the 
chunk that collectively provide a rate as close as possible to 
the rate-distortion preference without exceeding it. The 
server then checks (550) whether to continue with a chunk for 
the same client or another client. 
0091 Although FIG. 5 shows operations such as “send 
curve information” and “select scalable layer(s) that relate to 
scalable media delivery, in example implementations a Web 
server performs such operations as file retrieval and file 
manipulation operations in response to requests from media 
clients. Alternatively, a media server specially adapted to 
interact with media clients for fine-grained client-side control 
of media delivery performs the operations. 

VI. GENERALIZED TECHNIQUE FOR 
FINE-GRAINED CLIENTSIDE CONTROL OF 

MEDIA DELIVERY 

0092 FIG. 6 shows a generalized technique (600) for fine 
grained client-side control of how multiple chunks of media 
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are delivered. Generally, the multiple chunks are organized 
and encoded as multiple scalable layers as described with 
reference to FIG. 5. A client such as the media client (250) of 
FIG. 2 or other client performs the technique (600). 
(0093. The client receives (610) curve information formul 
tiple chunks. The curve information can include multiple 
rate-distortion points for a chunk. Alternatively, the curve 
information includes shape parameters that indicate the over 
all shape of a rate-distortion curve for the chunk or, instead of 
indicating rate-distortion values, indicates distortion-down 
load time characteristics of the multiple chunks. 
0094 For each of the multiple chunks, the client deter 
mines (620) a rate-distortion preference for the chunk using at 
least some of the received curve information. For example, 
the client determines a number or range of bits for each of the 
multiple chunks by (a) finding a set of download times that 
satisfies playback time constraints for the multiple chunks as 
explained in Section IV.B, and then (b) setting rates for the 
multiple chunks using the download times. FIG. 7 shows an 
example technique (700) for determining rate-distortion pref 
erences in this way. Alternatively, the client uses another 
approach to determine rate-distortion preferences for the 
chunks. The client sends (630) the rate-distortion preference 
for the chunk to the server, which selects one or more scalable 
layers based at least in part upon the rate-distortion prefer 
ence. The client then receives (640) one or more scalable 
layers for the chunk for decoding and playback. The client 
then checks (650) whether to continue with another chunk. 
I0095 FIG. 7 shows an example technique (700) for deter 
mining rate-distortion preferences for chunks of a segment. A 
client such as the media client (250) of FIG. 2 or other client 
performs the technique (700). Generally, the technique (700) 
shows one approach to distortion-download time optimiza 
tion as described in section IV.B. 
(0096. The client determines (710) one or more playback 
time constraints for a segment of one or more chunks. For 
example, the client receives playback duration information 
for the one or more chunks and uses the playback duration 
information and an initial playback delay value to set a cumu 
lative playback time duration for each of the one or more 
chunks. 

(0097. The client then determines (720) one or more down 
load times that minimize overall distortion for the one or more 
chunks, respectively, while also satisfying the overall play 
back time constraint for the segment. For example, for each of 
the one or more chunks, the client uses curve information to 
determine distortion as a function of download time for the 
different scalable layers of the chunk. The client then uses the 
distortion-download time information to select a download 
time for each of the one or more chunks so that the download 
time(s), when considered cumulatively, meet the overall play 
back time constraint for the segment. In selecting download 
times, the client can set a weight parameter Such that cumu 
lative download time for chunks in a segment matches the 
overall playback time constraint for the segment, and the 
selected download times for the chunks have the same slope 
on distortion-download time curves for the respective chunks. 
(0098. The client checks (730) whether any intermediate 
playback time constraints are violated for the one or more 
chunks in the segment, according to the set of download times 
the client determined (720) considering the overall playback 
time constraint. If not, the client determines (740) a rate for 
each of the one or more chunks in the segment using the 
download time for the chunk, and the technique ends. 
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0099. Otherwise, if an intermediate playback time con 
straint is violated, the client splits (750) the segment into 
multiple sub-segments and recursively determines (760) rate 
distortion preferences for the respective sub-segments. For 
example, the client sets a first Sub-segment to begin at the first 
chunk of the segment and end at the chunk where the inter 
mediate playback time constraint is first violated, and then 
repeats the technique (700) for the first sub-segment. (Deter 
mining rate-distortion preferences for chunks in the first Sub 
segment should not require further splitting of the first Sub 
segment, since rates are reduced for each of the chunks of the 
first Sub-segment and intermediate playback time constraints 
are still satisfied.) The client repeats the technique (700) for a 
second Sub-segment that includes the rest of the chunks in the 
segment. (Determining rate-distortion preferences for chunks 
in the second Sub-segment may require further splitting of the 
second sub-segment.) The client checks (770) whether to 
repeat the technique (700) for any more sub-segments and, if 
not, the technique ends. 
0100 Having described and illustrated the principles of 
my invention with reference to various embodiments, it will 
be recognized that the various embodiments can be modified 
in arrangement and detail without departing from Such prin 
ciples. It should be understood that the programs, processes, 
or methods described herein are not related or limited to any 
particular type of computing environment, unless indicated 
otherwise. Various types of general purpose or specialized 
computing environments may be used with or perform opera 
tions in accordance with the teachings described herein. Ele 
ments of embodiments shown in Software may be imple 
mented in hardware and Vice versa. 
0101. In view of the many possible embodiments to which 
the principles of my invention may be applied, I claim as my 
invention all Such embodiments as may come within the 
Scope and spirit of the following claims and equivalents 
thereto. 

I claim: 
1. A method of delivering media data organized as plural 

chunks, each of the plural chunks being encoded as plural 
scalable layers for different quality levels with fine-grained 
Scalability, the method comprising: 

sending curve information for the plural chunks; and 
for each of the plural chunks: 

receiving feedback that indicates a rate-distortion pref 
erence; 

based at least in part upon the rate-distortion preference, 
selecting one or more scalable layers from among the 
plural scalable layers of the chunk; and 

sending the selected one or more Scalable layers of the 
chunk. 

2. The method of claim 1 wherein each of the plural chunks 
is encoded without dependencies on any other chunk of the 
plural chunks, and wherein the method further comprises 
sending a stream header for the media data organized as plural 
chunks. 

3. The method of claim 1 wherein, for each of the plural 
chunks: 

the plural scalable layers include a base layer and plural 
residual layers; 

the base layer is always selected and sent for the chunk; and 
Zero or more of the plural residual layers are selected and 

sent for the chunk, depending on the rate-distortion pref 
CCC. 

Apr. 1, 2010 

4. The method of claim 1 wherein, for each of the plural 
chunks, the plural scalable layers include one or more 
residual embedded layers resulting from bit plane encoding 
of the chunk, each of the one or more residual embedded 
layers representing a bit plane of transform coefficients of the 
chunk. 

5. The method of claim 1 wherein, for each of the plural 
chunks, the curve information includes rate-distortion points 
that parameterize a rate-distortion curve for the chunk. 

6. The method of claim 5 wherein, for each of the plural 
scalable layers of the chunk, the curve information includes 
rate information that indicates a bit count for the scalable 
layer. 

7. The method of claim 1 wherein, for each of the plural 
chunks, a set of parameters in the curve information for the 
chunk indicates overall shape of a rate-distortion curve for the 
chunk. 

8. The method of claim 1 further comprising, for each of 
the plural chunks: 

with a scalable media encoder, encoding the chunk as the 
plural scalable layers; 

determining the curve information for the chunk; and 
storing the plural scalable layers of the chunk and the curve 

information for the chunk in storage for delivery to plu 
ral media clients. 

9. One or more storage media having stored thereon com 
puter software instructions for a method of processing media 
data organized as plural chunks, each of the plural chunks 
being encoded as plural scalable layers for different quality 
levels with fine-grained scalability, the method comprising: 

receiving curve information for the plural chunks; and 
for each of the plural chunks: 

determining a rate-distortion preference for the chunk 
using at least Some of the received curve information; 

sending the rate-distortion preference for the chunk; and 
receiving one or more Scalable layers from among the 

plural scalable layers of the chunk. 
10. The one or more storage media of claim 9 wherein: 
for each of the plural chunks, for the plural scalable layers 

of the chunk, the curve information at least in part indi 
cates distortion as a function of download time; and 

the determining the rate-distortion preference includes, for 
a segment of one or more chunks of the plural chunks: 
determining a playback time constraint for the segment; 
and 

for each of the one or more chunks in the segment, 
selecting a download time so as to reduce overall 
distortion among the one or more chunks in the seg 
ment while satisfying the playback time constraint for 
the segment. 

11. The one or more storage media of claim 10 wherein the 
playback time constraint for the segment indicates a cumula 
tive time duration, and wherein the selecting a download time 
for each of the one or more chunks in the segment comprises: 

setting a weight parameter Such that cumulative download 
time for the segment matches the cumulative time dura 
tion, wherein for each of the one or more chunks in the 
segment the weight parameter indicates the download 
time for the chunk according to the curve information for 
the chunk. 
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12. The one or more storage media of claim 10 wherein the 
selecting a download time for each of the one or more chunks 
in the segment comprises: 

splitting the segment into plural Sub-segments; and 
for each of the plural Sub-segments, recursively: 

determining a playback time constraint for the Sub-seg 
ment; and 

for each of one or more chunks in the Sub-segment, 
selecting a download time so as to reduce overall 
distortion among the one or more chunks in the Sub 
segment while satisfying the playback time constraint 
for the Sub-segment 

13. The one or more storage media of claim 9 wherein for 
each of the plural chunks: 

the plural Scalable layers include a base layer and one or 
more residual layers; 

the base layer is always received for the chunk; and 
Zero or more of the one or more residual layers are received 

for the chunk, depending on the rate-distortion prefer 
CCC. 

14. The one or more storage media of claim 9 wherein each 
of the plural chunks is encoded without dependencies on any 
other chunk of the plural chunks, and wherein the method 
further comprises receiving a stream header for the media 
data organized as the plural chunks, the stream header includ 
ing program description information for the media data orga 
nized as the plural chunks. 

15. The one or more storage media of claim 9 wherein the 
determining the rate-distortion preference for the chunk 
includes determining a count of bits or range of bits for the 
chunk, and wherein the sending the rate-distortion preference 
for the chunk includes sending a request for the count of bits 
or range of bits for the chunk. 

16. The one or more storage media of claim 9 wherein the 
method further comprises, for each of the plural chunks: 

with a scalable media decoder, decoding the received one 
or more scalable layers for the chunk; and 

reconstructing a version of the chunk from the decoded one 
or more Scalable layers. 

17. A system comprising: 
a processor; 
a controller adapted to: 

receive a stream header for media data organized as 
plural chunks, each of the plural chunks being 
encoded as plural scalable layers for different quality 
levels with fine-grained scalability; 
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receive curve information for the plural chunks, 
wherein, for each of the plural chunks, the curve infor 
mation for the chunk indicates a different rate-distor 
tion point associated with each of the plural scalable 
layers for the chunk; 

determine rate-distortion preferences for the plural 
chunks, respectively, using the received curve infor 
mation; 

send the rate-distortion preferences for the plural 
chunks, respectively; and 

for each of the plural chunks, receive one or more scal 
able layers from among the plural scalable layers for 
the chunk; and 

a scalable media decoder adapted to decode the received 
scalable layers for the plural chunks. 

18. The system of claim 17 wherein: 
for each of the plural chunks, according to the different 

rate-distortion points, the curve information at least in 
part indicates distortion as a function of download time; 
and 

the controller is adapted to determine the rate-distortion 
preferences by, for each of plural segments of one or 
more chunks of the plural chunks: 
determining a playback time constraint for the segment; 
for each of the one or more chunks in the segment, 

selecting a download time so as to reduce overall 
distortion among the one or more chunks in the seg 
ment while satisfying the playback time constraint for 
the segment; and 

for each of the one or more chunks in the segment, using 
the selected download time for the chunk to determine 
a count of bits or range of bits to request for the chunk. 

19. The system of claim 18 wherein the playback time 
constraint for the segment indicates a cumulative time dura 
tion, and wherein the selecting a download time for each of 
the one or more chunks in the segment comprises: 

setting a weight parameter Such that cumulative download 
time for the segment matches the cumulative time dura 
tion, wherein for each of the one or more chunks in the 
segment the weight parameter indicates the download 
time for the chunk according to the curve information for 
the chunk. 

20. The system of claim 17 wherein for each of the plural 
chunks, the plural scalable layers include a base layer and one 
or more residual layers. 
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